MATERIAL AND METHODS
The forest of the Lower Moa River (07°38'23.9"S, 72°47'43.1"W) is located in the municipality of Cruzeiro do Sul (state of Acre), 20 km from the town, along Highway AC 405. The Moa River is a tributary of the Juruá River, and is located in the extreme West of Brazil (ACRE 2006) . Open Ombrophilous Forest predominates in the landscape , which is characterized by open canopy with palm trees, vines and/or bamboo (VELOSO et al. 1991) . The climate is tropical, hot and humid, with average annual temperature of 24°C (RIBEIRO 1977) . The driest period occurs between June and September. The annual rainfall ranges between 1,140 and 2,700 mm. The relative humidity is always above 60%. The climate of the Upper Juruá is more humid than in most of the Brazilian Amazon, with two rainy seasons, one with more rain and the other with less rain, resembling the super humid climate of the eastern Andean piedmont . Alluvial forest area (AF) -Dense alluvial forest with emergent trees (Fig. 1 ). This forest typology is found along the major rivers and some of their tributaries (ACRE 2006) . It is strongly influenced by the proximity of the Moa River, which determines seasonal floods and water input to the lakes. The forest canopy has trees with an average height of 20 m, but some trees may reach a height of 35 m. There is a trail through the forest. This trail gets flooded during the wet season due to the influence of the Moa River and borders an abandoned meander that forms three lakes (January-March). The formation of temporary ponds and waterlogged environments inside the forest in the beginning of the rainy season is common. Also, temporary ponds at the forest edge form between the alluvial forest and the pasture area.
Terra firme forest area (TFF) -Open terra firme forest with palms (Fig. 2 ). This vegetation is generally found in areas near alluvial floodplains, and is characterized by an open canopy forest with palm trees and vines (ACRE 2006) . There is high water flow in the wet season. In the study area, a temporary stream (igarapé), about 3 m wide, dries out seasonally and is bordered by a trail along its length. Temporary ponds in forest environments and at the forest edge are common in the rainy months. Similarly, temporary ponds at the forest edge also occur near pasture areas. More details about the vegetation of both areas can be found in BERNADE et al. 2013 .
The anurans were sampled from October 2008 to September 2009, using the following sampling methods: 1) Sampling at breeding sites (SBS) (HEYER et al. 1994) consisted of looking for amphibians in aquatic environments (rivers, streams, abandoned meanders, temporary ponds, etc.) by means of aural records (AR) or visual records. This sampling method was applied each month for three days in the alluvial forest area and three days in the terra firme forest area (mornings 8:00 a.m. to 10:00 a.m. and nights 7:00 p.m. to 11:00 p.m.), totaling 36 days in one year in each area. Since this methodology was only used to complement the number of species recorded in the Lower Moa River, the total sampling effort per person was not calculated.
2) Pitfall traps (PFT) (CORN 1994) , following the recommendations of CECHIN & MARTINS (2000) . These traps consist of containers (buckets or barrels) buried in the ground and interconnected by a fence guide (canvas or plastic screen). Each trap, composed of four 100 L plastic buckets, was buried every 10 meters and connected by a 1 m high canvas fence. Ten trap sequences were built at least 100 m apart, five sequences with the buckets arranged in a straight line and five sequences arranged in a Y-shape, with one central bucket and three buckets disposed radially. Traps were installed in the open palm terra firme forest, and remained open three days per month for 12 months. Traps were monitored daily, totaling 36 days in one year or 1440 day-buckets in one year.
3) Visual time constrained search (VTCS) (CAMPBELL & CHRISTMAN 1982) . This consists of walking slowly on trails or transects within the forest, looking for anurans that are visually exposed, on all visually accessible microhabitats (ground, fallen logs, vegetation, etc.). Two 400 m long transects were selected for this, one located in the open terra firme forest with palm trees and the other in the alluvial forest with emergent trees. Search was carried out during the day (DVTCS) and at night (NVTCS). The DVTCS was conducted for one hour in each transect (between 8:00 a.m. to 11:00 a.m.), by three persons, totaling three hours in each area, six hours a month in both areas and 72 hours over the year. The sampling effort per person was 24 hours/person/year. The NVTCS lasted four hours in each transect (between 7:00 p.m. to 10:00 p.m.). It was conducted by four persons, totaling 12 hours in each area, 24 hours a month in both areas and 288 hours per year. The total sampling effort was 72 hours/person/year. 4) Active Search (AS) (HEYER et al. 1994 ). This included searching for anurans in all possible microenvironments, by disturbing the leaf litter, raising fallen logs, looking inside tree bark and under stones, inspecting epiphytes, holes in the ground and hollow trees. This method differs from the VTCS in that it includes inspection of the environment. Two people were involved and they searched for anurans only during the day (between 8:00 a.m. and 11:00 a.m.), totaling two hours in each type of forest, four hours per month and 48 hours per year. The total sampling effort was 24 hours/person/year.
Data Analysis
To examine the breeding environments used by the anurans, five types of environments were named and character-ized in forested areas and forest edges, as follows: 1) Temporary Igarapé (TI): a narrow (3 m) and shallow (60 m) water course that crosses the terra firme forest, dries out seasonally, and has dark water running slowly during the rainy season. 2) Abandoned Meander (AM): ancient winding stretch of the Moa River that has become disconnected from the main channel and now forms a U-shaped lake, which fills up with water every year during the rainy season when the Moa River floods. The lake is located within the alluvial forest with emergent trees. 3) Temporary Ponds in Forested environment (TPF): Small (1m 2 ) to medium (3m 2 ) sized ponds formed inside the forest during the rainy season, and found in both forested areas. 4) Temporary ponds at the forest Edge (TPE): ponds formed from the accumulation of rainwater, located at the edge of the terra firme forest, within the grazing area. Marginal vegetation consists mainly of grasses, but trees, shrubs and palms are also found. 5) Waterlogged Environment (WE): accumulation of water in the soil which does not form ponds and is very common in the alluvial forest at the beginning or end of the flood season.
To study the use of environmental resources by anurans, the types of substrates in which the species were found and their vertical distribution (height in centimeters) were analyzed. The substrates were classified as follows: ground (GO) -ground without the presence of leaf litter found along the forest edge; grasses (GR) -plants from the family Poaceae, grasses that are quite common in the forest edge; leaf litter (LL) -layers of leaves covering the forest floor; woody vegetation (WV) -large trees with DBH > 5 cm and height > 2 meters; shrubs (SB) -small plants, branched, with DBH < 10 cm and height < 2 m; herbaceous vegetation (HV) -plants with a soft and pliable stem without the presence of lignin, known as herbs; vines (VI) -plants rooted in the ground and that use other trees for support, also called lianas, which are very common in the forest canopy; palms (PA) -plants of the family Arecaceae (buriti, paxiubão, paxiubinha, maraja, joari, acai, among others); fallen branches and logs (BL) -pieces of trees found naturally on the ground; seedlings (SE) -developing plant embryo, very common on the ground of tropical forests; aquatic vegetation (AV) -present in lakes formed by abandoned meanders, this floating vegetation is mainly characterized by the presence of Pistia stratiotes. The following were documented as evidence of reproduction: couples in amplexus, ovulating females, imagoes, juveniles and, in the case of the genus Allobates, tadpoles on the backs of adults.
The comparison between terra firme forest and alluvial forest was analyzed only with methodologies applied to the same sampling effort in both places: Visual time constrained search during the day (DVTCS), at night (NVTCS) and active search (AS)
The diversity of anurans in the terra firme forest and alluvial forest was analyzed using the Shannon-Wiener index, Evenness (KREBS 1999) and Berger -Parker dominance (MAGURRAN 1988) . The Shannon index is one of most popular diversity statistics and it is sensitive to rare species and abundance variations. The Berger -Parker index provides a simple and easily interpretable measure of dominance (MAGURRAN 1988) . The difference in abundance between the terra firme forest and the alluvial forest, which was calculated using the total species abundance of each sampled month, was analyzed using the chi-square test (ZAR 1999) .
The influence of environmental variables (rainfall and temperature) on anuran calling activity was analyzed by applying the Spearman correlation coefficient (rs) (ZAR 1999) . These data were from Cruzeiro do Sul (state of Acre), obtained from the National Institute of Meteorology (INMET).
All analyses were performed using the statistical programs BioEstat 4.0 (AYRES et al. 2005) and BioDiversity Professional 2.0 (MCALECEE et al. 1997) .
The species accumulation curve was estimated based on the monthly abundance of species and it was calculated by extrapolating the curves of accumulation by Jackknife index with 100 random additions in the program EstimateS 9.1.0 (COLWELL 2013).
All collected specimens were fixed using recommended techniques (e.g., BERNARDE 2012) and were deposited in the Herpetological Collection of the Federal University of Acre Campus Floresta (UFACF) located in Cruzeiro do Sul, state of Acre (IBAMA License 12178-1 and 12178-2). The taxonomy of anurans species follows FROST (2014). 
RESULTS

Richness and Diversity
Fifty species of anurans were recorded, belonging to eight families: Aromobatidae (2), Bufonidae (5), Hemiphractidae (1), Hylidae (25), Leptodactylidae (9), Microhylidae (4), Ranidae (1) and Craugastoridae (Table 1) .
The randomizations performed on the species accumulation curve obtained for each area showed a gradual increase and reached the asymptote with little difference between alluvial forest and terra firme forest. The richness of the alluvial forest was estimated at 33 species and of the terra firme forest was 28 species (Figs. 3 and 4).
Regarding the total species abundance in the terra firme forest (TFF) and the alluvial forest (AF), verified using the methods AS, DVTCS, and NVTCS, 946 individuals belonging to 38 species were recorded. Table 1 contains data on absolute abundance, relative abundance, Shannon-Wiener diversity index (H'), Evenness (J') and dominance (d) of the two forest types. A larger number of individuals (482 specimens) was found in the terra firme forest compared to the alluvial forest (464 specimens), but this difference between was not significant ( 2 = 0.34, gl = 1, p = 0.55).
Although the terra firme forest displayed lower anuran richness, it had the highest diversity index, greater evenness and, consequently, lower dominance (H' = 2.12, J' = 0.67, d = 0.38) when compared with the alluvial forest (H' = 1.69, J' = 0.51, d = 0.62).
Breeding grounds and calling season
Of the 50 species recorded, 25 were observed in breeding environments. Table 2 presents data on the distribution of anuran species in the studied habitats, their breeding environments, vertical distribution, and type of substrate used during calling activity.
Most species (13) used the abandoned meander. Twelve species were recorded in a temporary pond located on the edge of the forest. Six species were recorded in temporary ponds inside forested areas. Three species were recorded in waterlogged sites located in the forested area and only two species in the temporary igarapé.
Regarding the preference in the use of environments, Hypsiboas lanciformis was the only generalist species occupying three breeding environments. Eight species were recorded only in the abandoned meander (Dendropsophus leucophyllatus, D. rossaleni, H. boans, H. calcaratus, H. fasciatus, H. punctatus, Sphaenorhynchus dorisae, and S. lacteus) . Four species were found only in the temporary pond at the forest edge (Rhinella marina, H. geographicus, Trachycephalus typhonius, and Leptodactylus chaquensis). Three species were found to be exclusive to temporary ponds in forested areas (Allobates sp. 1, Amazophrynella minuta, and L. rhodomystax).
In total, 32 species were observed calling (Table 3) . Vocalization activity over the twelve months of collection, with greater activity in the rainy season (October to March). Aggregations associated with explosive breeding were observed in two species, Rhinella marina and Trachycephalus typhonus. Rhinella marina aggregations were observed on a single day during the night of October 2008 and October to March, no significant correlation was found between the number of species in calling activity and monthly rainfall (rs = 0.3286, p = 0.2969, t = 1.1004), nor between the number of species in calling activity and monthly temperature (rs = 0.3020, p = 0.3401, t = 1.0016). When a dry season started in April we observed a greater number of specimens, lower diversity index and lower evenness and higher dominance (H' = 2.29, J' = 0.63 and d = 0.38). This happened even though the alluvial forest was still completely flooded as a result of high amounts rainfall in March. In the rainy season the diversity index was higher, evenness was greater and dominance was lower (H' = 2.70, J' = 0.75 and d = 0.29). There was a significant difference in the number of individuals recorded between periods ( 2 = 6.6, gl = 1, p = 0.009), but these were not correlated with monthly rainfall (rs = -0.4939, p = 0.1026, t = -1.7961) and temperature (rs = -0.1532, p = 0.6346, t = -0.4901) data.
Use of environmental resources and breeding sites
The anurans of the Lower Moa River forest were found in more numbers in the leaf litter (23 species), followed by woody vegetation (21), shrub (18), palm (15), herbaceous vegetation (16), seedlings (9), vines (7), fallen branches and logs (7), aquatic vegetation (7), grasses (4) and ground without the presence of leaf litter (4).
Hylidae was the best represented in the substrates (Fig. 5) . It was recorded in all substrates in very high percentages, except on the ground devoid of leaf litter. Only one individual of Osteocephalus taurinus was found in soil with leaf litter. Bufonidae was present in nine of the eleven substrates, with individuals of Rhinella margaritifera occupying most types of substrates. All other species of this family where found on the ground covered with leaf litter, except for individuals of Amazophrynella minuta, wich were found resting on seedlings during the night. Adult individuals of the other families were found mostly in leaf litter and seedlings. In the latter, juveniles of four species were also found: Rhinella margaritifera, Hypsiboas punctatus, Osteocephalus taurinus, and Scinax garbei.
Regarding the breeding sites, some species showed some degree of fidelity to the calling site. For example, species of Allobates and Amazophrynella minuta commonly called from the leaf litter, Adenomera andreae and A. hylaedactyla from the leaf litter and the ground, and individuals of Sphaenorhynchus and Dendropsophus triangulum from floating aquatic vegetation. The latter species was also found vocalizing on grass. Table 4 displays the frequency of substrate use by the most abundant frog species (n > 10) recorded by the DVTCS, NVTCS and AS methods. Species that were visualized in small numbers on a certain subtract s (n < 10) were not included in this table.
Four species were host specific: two from Aromobatidae (Allobates sp. 1 and Allobates sp. 2) and one from Bufonidae (Amazophrynella minuta). During the day they were found more frequently dwelling and calling from the ground covered by leaf litter. At night these species were found resting on short seedlings o (5 cm to 30 cm). Leptodactylus petersii was found more frequently on the forest floor. One record of it was on floating aquatic vegetation in April 2009, when the alluvial forest was flooded.
Most species failed to show a preference for a given substrate. Nine species were found on more than five substrates. Rhinella margaritifera and Osteocephalus taurinus were the most generalist species. Both were recorded in eight types of substrate.
The species of Hylidae overlapped in their vertical distribution (Table 5) . Most species were found in substrates ranging from 10 to 120 cm high. Osteocephalus taurinus and O. leprieurii overlapped in their use of substrates and height. They 
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Continues were recorded on trees, shrubs, herbs, vines, palm trees and fallen branches at heights ranging from 10 cm to over 350 cm. Species of Scinax were also found in the same height range, but were more common between 30 cm to 180 cm.
Reproductive evidence
We observed some reproductive evidence in 20 of the 50 species of anurans found in the Lower Moa River forest (Table  6 ). Ovulating females were encountered more often during the T o t a l s p e c i e s ( N ) Of the species with nocturnal activity, Chiasmocleis hudsoni stands out since 23 ovulating females were captured in pitfall traps, ten in October, ten in November and three in December. Only one ovulating female of the other microhylids was found in these months. Evidence of reproduction was found in Rhinella margaritifera in all months Amplexus was observed in November and December 2008 and juveniles were present in almost every month, except November.
Juveniles of the diurnal species, Allobates sp. 1 and Amazophrynella minuta, were more abundant and were easier to encounter. Three individuals of Allobates sp. 1 were found carrying tadpoles on their backs in November, juveniles were found from January 2009 until August 2009, with a greater abundance in the months when rainfall was lower. Juveniles of Amazophrynella minuta were also found in greater numbers during months with less rainfall: May 2008 to August 2008.
DISCUSSION
Richness and diversity
species were sampled in an area of about 2,500 ha (SOUZA 2009). The Alto Juruá region is also very rich in butterflies, fishes and birds (BROWN & FREITAS 2002) , and is considered a priority area for biodiversity conservation in the Brazilian Amazon (CAPOBIANCO 2001) .
In the Amazon, areas of terra firme are less difficult to access than the alluvial forest. Consequently, there has been more research on anurans of terra firme. Although in this study the alluvial forest has been inventoried without pitfall traps, the fact that some species were recorded only in it increases our confidence that this forest typology is rich. We believe that if pitfall traps could be used in the alluvial forest a few more species might have been found. Pitfall traps captured the greatest number of species in the terra firme forest. The fact that the alluvial forest is seasonally flooded may have influenced the Shannon-Wiener index, evenness and Berger-Parker dominance of species. Others factors, such as predation behavior or reproductive habitats, may also have influenced the activity and richness of frogs in both areas.
The alluvial forest is a more heterogeneous environment, offering a greater variety of sites where anurans can reproduce, including permanent environments (lakes) and temporary environments consisting of temporary ponds and waterlogged areas during early flooding. Spatial heterogeneity, which determines the diversity of calling sites, has been identified as an important factor determining the number of anuran species at a given environment (CARDOSO et al. 1989) . Studies in different biomes in Brazil (e.g., CARDOSO et al. 1989 , BERNARDE & KOKUBUM 1999 , ARZABE 1999 suggest that environmental heterogeneity is associated with a greater number of species, but few studies have tested this relationship (GASCON 1991 , SANTOS et al. 2007 , VASCONCELOS & ROSSA-FERES 2005 . Environmental disturbances may also influence the structure of a community (CONNELL 1978) . A floodplain is an environment that oscillates between terrestrial and aquatic phases, and where floods are considered periods of disturbance to the terrestrial environment (JUNK 1997) . Disturbance produces different habitats (CONNELL 1978) . Thus, the intermediate disturbance hypothesis (CONNELL 1978) can be applied to the richness of the alluvial forest. Under this hypothesis, the frequency of the disturbance is neither too intense nor too rare, thus resulting in high diversity patterns. Thus, environmental heterogeneity and the intermediate disturbance theory are two explanations that can be used to help understand the greater richness in the alluvial forest.
Another aspect that may have influenced species richness and diversity index (H') is the taxonomy of some species. The Rhinella margaritifera complex is considered problematic in taxonomic terms, with an undefined number of species that remain to be described or names that need to be revalidated (CARAMASCHI & NIEMEYER 2003) . The high relative abundance of Rhinella margaritifera (0.625) in the alluvial forest influenced the low Shannon diversity -Wiener index in this area. Currently the Rhinella margaritifera species group consists of 16 recognized species (LAVILLA et al. 2013) . Changes in the iden- tity of the species could change the values of Shannon diversity -Wiener index in the alluvial forest. Moreover, the number of described species of Allobates (Aromobati-dae) in the Amazon has increased in recent years (KAEFER et al. 2012) . Species in this genus complex are difficult to identify because the adults are morphologically similar. Unequivocal identification of new species requires information on calls, tadpoles and reproductive behavior (LIMA et al. 2007 ). The Allobates sp. 1 and Allobates sp. 2 can be a new species or a new record for state of Acre.
Breeding grounds and calling season
The distribution pattern of the species observed in the Lower Moa River forest is consistent with the results of ZIMMERMAN & SIMBERLOFF (1996) for various locations in the Amazon: many species develop in lentic aquatic environments, a smaller proportion in independent terrestrial water bodies and a few species in streams. Herein, lentic environments were also occupied by most anuran species, with greater richness found in lakes, in the lake-forming meander and in the temporary ponds on the forest edge. The temporary igarapé, a lotic environment, was less used by the anurans.
Calling activity is restricted to a few periods of the year. This seasonality is mainly conditioned by rainfall and temperature . In anuran communities, the use of various resources, including reproductive resources, is affected by seasonality (TOFT & DUELLMAN 1979) . Rainfall and the subsequent availability of water bodies is probably the most important environmental factor influencing the reproduction of frogs (HÖDL 1990) . Therefore, the fact that no correlation was found between anuran calling activity in the Moa River forest and monthly rainfall can be attributed to the high volume of rainfall in March, which resulted in the formation of many reproductive resources, for instance temporary water bodies (mainly in the alluvial forest). These resources enabled the calling activity of 56% of the anurans in the subsequent dry months. Nonetheless, a greater diversity index (H') was found in the rainy season, together with increased breeding activity (72% of the species were found calling and ovulating females were found in this season).
Particularly in environments with defined seasonality such as the Atlantic forest, anuran activity can be determined by annual temperature variations. In the Moa River forest, a small variation in temperature occurred during October 2008 to September 2009; as a result, there was no significant correlation between temperature and the number of individuals recorded. In environments where seasonality is well-defined, as in the Atlantic Forest, temperature oscillations may influence vocalization throughout the year. In the Moa River forest, there was no abrupt temperature variation between October, 2008 and September, 2009 . This might explain the lack of a significant correlation between the number of species in calling activity and the month's average temperature.
Use of environmental resources and breeding sites
Most species showed no specificity for a substrate or height; species of Hylidae occupied different substrates at different heights. Most hylids are arboreal and use a wide variety of microhabitats (DUELLMAN & TRUEB 1994) . The presence of adhesive disks on these animals may confer an adaptive advantage that allows them to occupy forest environments with stratified vegetation that provides a higher number of calling sites (CARDOSO et al. 1989) .
Species of Sphaenorhynchus were found calling in the same site reported by HÖDL (1977) in Central Amazon and also by BERTOLUCI & RODRIGUEZ (2002) in the Atlantic Forest, indicating the preference of this genus for floating aquatic vegetation.
Reproductive evidence
Explosive aggregations of Rhinella marina and Trachycephalus typhonius in temporary ponds formed on the forest edge did not occur in the months of highest rainfall, corroborating the results of SAENZ et al. (2006) . They suggested that explosive breeding in species that use temporary ponds are associated with one or two days of heavy rain prior to the breeding explosion (e.g., BERNARDE 2007). Data from pitfall traps recorded many ovulating females of Chiasmocleis hudsoni in a short time, leading us to conclude that the breeding breeding pattern of this species is close to explosive, as proposed by WELLS (1977) . This pattern has been reported for other species of Microhylidae (e.g., HÖDL 1990 , RODRIGUES et al. 2003 .
In Central Amazon, species of Aromobatidae varied with regard to the time of recruitment of juveniles: Anomaloglossus stepheni synchronized with rainfall and Allobates sp. with the dry season (MOREIRA & LIMA 1991) . Herein, juveniles of Allobates sp. 1 were present in both seasons, from January to August 2009. In the same study (MOREIRA & LIMA 1991) , juveniles of Amazophrynella minuta occurred in the dry season, a pattern also found for this species in the Lower Moa River forest, where juveniles were present in the dry season, from May to August 2009. More recent data for the Adolph Ducke Reserve showed a greater abundance of juveniles in the end of the rainy season, in April and May 2008 (MENIN et al. 2008) . Elsewhere, studies using variation in body size and abundance of individuals indicate the occurrence of juvenile recruitment in the dry season (AICHINGER 1987 , WATLING & DONNELLY 2002 .
Fifty species of anurans were recorded in a relatively small area (256 ha) and differences in the composition of the anurofauna were detected between two different forest types (terra firme forest and alluvial forest). To sample anurans in the Amazon it is important of to use two or more sampling methods and also to consider the different forest types in this biome for a better characterization of species richness.
